INTRODUCTION
============

Apolipoprotein A2 (*APO A2*) is the second major protein in high density lipoprotein (HDL), comprising approximately 20% of the total HDL protein content \[[@B1]\]. Unlike apolipoprotein A1 (*APO A1*), the role of *APO A2* in HDL metabolism and its physiological significance are not studied in detail \[[@B2][@B3]\]. *APO A2* is mainly synthesized in the liver, and its transcription is controlled by a complex set of regulatory elements in the promoter region \[[@B4]\]. The T to C substitution in the *APO A2* promoter (-265T\>C polymorphism, rs5082) downregulates its expression in the liver cells, thus reducing its secretion into plasma. Therefore, based on the genotype, the plasma *APO A2* level is different \[[@B5]\].

Several investigations have studied the interaction between the plasma *APO A2* level and the incidence of cardiovascular disease (CVD) and have discovered controversial results \[[@B6][@B7][@B8][@B9][@B10]\]. Few studies have reported an inverse relationship between the plasma *APO A2* level and CVD, as well as type 2 diabetes mellitus (T2DM) \[[@B6][@B7]\]. On the contrary, Xiao et al. \[[@B1]\] reported that a low plasma *APO A2* level could be associated with a reduced risk of CVD.

CVD is the main cause of morbidity and mortality in T2DM patients \[[@B11]\]. The rise in urbanization, a sedentary lifestyle, and, in particular, obesity, all result in an increased incidence of T2DM worldwide \[[@B12]\]. It turns the disease into a global crisis in public health and a potential threat to the economy of all nations, especially in developing countries \[[@B12]\]. Besides, T2DM is considered a major risk factor for developing premature atherosclerosis, coronary artery disease, cerebrovascular disease, and peripheral vascular disease. Several studies showed that one reason behind all of these complications is an elevated level of proinflammatory cytokines \[[@B13]\]. An impaired lipid profile and the accumulation of fatty tissues, especially in the abdominal cavity, are among the most prevalent metabolic disorders of T2DM \[[@B14]\]. The adipose tissue is currently considered as endocrine tissue due to its role in inflammation and the production of various cytokines, which lead to changes in the metabolic status \[[@B15]\]. Notably, it was shown that accumulated fat in the abdominal cavity could result in atherosclerosis via the production of inflammatory cytokines \[[@B16]\].

Due to the *APO A2* contribution to CVD and also the role of inflammation in causing the disease, it appears that *APO A2* genotypes might be associated with different levels of inflammatory markers. Accordingly, the current study was developed to examine the relation between *APO A2* -265T/C polymorphism and inflammation in T2DM patients.

METHODS
=======

Study design
------------

Based on the World Health Organization criteria, we defined obesity as a body mass index (BMI) ≥30 kg/m^2^ \[[@B17]\]. Sample size was defined according to a type I error of α=0.05 and a type II error of β=80%. In total, 180 T2DM patients, divided into two groups of 90 individuals with or without obesity (BMI ≥30 or \<30 kg/m^2^), were selected from 816 previously genotyped individuals (the frequency of the *APO A2* genotypes was 39.4%, 47.7%, and 12.9% for the TT, TC, and CC genotypes combinations, respectively) \[[@B18]\]. In the current study, each group contained 30 patients for each TT, TC, or CC genotypes. Then, based on the previous studies, the patients were divided into two groups: T allele carriers (TC+TT) and CC genotype \[[@B19][@B20][@B21]\].

All of the participants, aged 35 to 65 years, did not have a history of insulin therapy; renal, hepatic, thyroid, and coagulation disorders; cancers; inflammatory diseases; stroke; smoking habits; addiction and alcohol consumption; anti-inflammatory drug intake; or vitamin and mineral supplementation. All of the subjects provided written informed consent. This study was approved by the Ethics Committee of Tehran University of Medical Sciences.

Data collection
---------------

A self-administered questionnaire was used to record age, sex, job status, level of education, duration of diabetes, and consumption of any lipid-lowering or glucose-lowering drugs. Physical activity was measured by a metabolic equivalent of task using a validated questionnaire \[[@B22]\]. Information on dietary intake during the last year was collected using a validated semi-quantitative food frequency questionnaire through a face-to-face interview by a trained dietitian \[[@B23]\]. Nutritionist III software version 7.0 (N Squared Computing, Palmerston North, New Zealand) was employed to analyze the energy and nutrient intake of the patients. Anthropometric parameters, including height, weight, and waist circumference (WC), were measured by a trained nutritionist according to standard protocols \[[@B12]\]. Weight was measured to the nearest 100 g. Height and WC were measured to the nearest 0.5 cm using a non-stretching meter. BMI was calculated as weight (kg) divided by the square of height (m^2^).

Venous blood samples were collected at 8:00 AM, after 12 hours of fasting. Total cholesterol, triglyceride, HDL cholesterol (HDL-C), and low density lipoprotein cholesterol (LDL-C) concentrations were measured by an enzymatic method with commercially available kits (Pars Azmoon Co., Tehran, Iran). The serum levels of the inflammatory markers were measured by enzyme-linked immunosorbent assay. Interleukin 18 (IL-18) and pentraxin 3 (PTX3) were measured by Crystal Day Biotech (Shanghai Crystal Day Biotech Co. Ltd., Shanghai, China), and high-sensitivity C-reactive protein (hs-CRP) was measured by DBC (Diagnostics Biochem Canada Inc., Dorchester, ON, Canada).

Statistical analysis strategy
-----------------------------

Characteristics of the study subjects are presented as a mean±standard deviation or frequency (percentage). The chi-square test and the independent *t*-test were utilized to compare the categorical variables and the continuous variables between the two study groups, respectively. The distributions of the continuous variables were assessed for normality using the normal probability plot and the Kolmogorov-Smirnov test. If necessary, a logarithmic transformation was performed to normalize the error distribution. Therefore, the logarithm of triglycerides, total cholesterol, and hs-CRP was used. The analysis of covariance was employed to evaluate the associations between the continuous variables and the study group after adjusting for potential confounding variables.

Based on the recessive model in a previous study, the *APO A2* genotypes were analyzed by comparing the homozygote of the minor allele (CC) with the combined homozygote of the major alleles and the heterozygote alleles (TT+TC) \[[@B24]\]. The associations between the inflammatory markers and the genotype groups (the T allele carriers and the CC genotype) were summarized as mean differences (in the logarithmic scale) and 95% confidence intervals separately in our two groups of obese and non-obese patients. The significance level was set to 0.05 for all of the tests. Statistical analyses were performed using SPSS version 20 (IBM Co., Armonk, NY, USA).

RESULTS
=======

Out of the 180 subjects, 64 (36.6%) were men and 116 (64.4%) were women. The characteristics of the study population, based on the genotype groups (TT+TC and CC), are shown in [Table 1](#T1){ref-type="table"}. The mean age was different between the two genotype groups (*P*=0.004). No significant differences were found between the two groups regarding other variables, such as lipid-lowering or anti-diabetic drugs, physical activity, BMI, WC, nutrient intake, and lipid indices.

The associations between the genotype groups and the inflammatory markers (i.e., IL-18, PTX3, and hs-CRP) in the total study population and separately in the obese and non-obese patients are summarized in [Table 2](#T2){ref-type="table"}. After adjusting for BMI, sex, age, and monounsaturated fatty acid (MUFA), the mean PTX3 was lower and the mean hs-CRP was higher in the CC genotype group compared with the T allele carriers (*P*=0.01 and *P*=0.001, respectively). There was no statistically significant difference in the mean concentration of IL-18 between the T allele carriers and the patients with the CC genotype. After adjusting for WC, sex, age, and MUFA, the mean PTX3 in the CC genotype group was lower than the T allele carriers in both the obese and non-obese patients (*P*=0.03 and *P*=0.04, respectively). In addition, the mean hs-CRP was significantly higher in the CC genotype group compared with the T allele carriers in both the patients with or without obesity (*P*=0.008 and *P*=0.01, respectively).

[Table 3](#T3){ref-type="table"} compares the inflammatory markers between the patients with or without obesity of both the TT+TC genotypes and the CC genotype. After adjusting for WC, sex, age, and MUFA, the mean serum hs-CRP level was higher in the T allele carriers in the obese patients compared to the non-obese patients (*P*=0.01). No other significant differences were observed between the subjects with or without obesity.

DISCUSSION
==========

In our previous study regarding the association between *APO A2* --265T/C polymorphism and oxidative stress in T2DM patients, we observed that the rate of oxidative stress was higher in the patients with the CC genotype than the T allele carriers \[[@B25]\]. The current survey is the first attempt to study the relation between this polymorphism and the level of inflammation in T2DM patients. We found that after adjusting for confounding variables, the mean hs-CRP was significantly higher and the PTX3 was significantly lower in the patients with the CC genotype than the T allele carriers ([Table 2](#T2){ref-type="table"}). Moreover, in the T allele carriers, the mean hs-CRP concentration was statistically higher in the obese subjects compared to the non-obese subjects ([Table 3](#T3){ref-type="table"}).

Based on previous studies, the T to C substitution in the promoter region of *APO A2* could result in a decreased expression of *APO A2*; different *APO A2* genotypes are related to different serum *APO A2* levels \[[@B5]\]. So far, several investigations have studied the association between serum *APO A2* levels and CVD \[[@B7][@B9][@B10][@B26][@B27]\]. In some studies, an inverse relationship was reported between plasma *APO A2* levels and inflammatory markers, such as hs-CRP \[[@B7][@B8][@B9][@B28]\]. In addition, human studies have shown that the incidence of CVD is higher in subjects with lower serum *APO A2* levels \[[@B7][@B26]\]. Nevertheless, several studies revealed high serum *APO A2* levels as a proatherogenic factor \[[@B1][@B29][@B30][@B31]\].

Based on some animal studies, the expression of *APO A2* in transgenic mice resulted in decreased paraoxonase 1 (PON1) activity, increased LDL oxidation \[[@B31]\], and an increased size of atherosclerotic lesions \[[@B29][@B31][@B32]\]. In another study on transgenic rabbits with human *APO A2* gene, transgenic rabbits exhibited significantly lower plasma CRP levels and higher PON1 activity, a decreased number of neutrophils and monocytes in the blood, and a reduced size of atherosclerotic lesions than the non-transgenic rabbits \[[@B33]\].

Transgenic mice are not the best model to describe human *APO A2* and HDL metabolism. Instead, rabbits provide a better animal model for studying *APO A2* metabolism \[[@B34]\]. In addition, human *APO A2* was overexpressed in transgenic mice (30 to 35 mg/dL) \[[@B31]\]. In fact, the overexpression of human *APO A2* in transgenic mice could lead to impaired activity of the enzymes involved in HDL metabolism, as well as decreased *APO A1* levels \[[@B35]\].

Xiao et al. \[[@B1]\] have studied the association between CVD and different genotypes of *APO A2* in men. According to their results, the risk of CVD was significantly lower in the patients with the CC genotype compared with the T allele carriers. This is in contrast with our results, though most of our subjects were female (64.4%). Xiao et al. \[[@B1]\] suggested that the overexpression of *APO A2* could change the HDL functions and, consequently, cause atherosclerosis. In contrast, in a recent *in vitro* study, HDL particles in the transgenic rabbits with the human *APO A2* gene were larger with higher cholesterol efflux ability, along with stronger suppressive activity on the inflammatory cytokine expression of macrophages, compared with the non-transgenic rabbits \[[@B28]\].

We observed that the mean value of inflammatory markers was significantly higher in the patients with the CC genotype compared with the T allele carriers ([Table 2](#T2){ref-type="table"}). These finding may indicate a protective effect of the T allele against inflammation. According to previous reports, the plasma *APO A2* level is higher in the T allele carriers than the patients with the CC genotype \[[@B5]\]. It was suggested that the plasma *APO A2* level could affect the anti-inflammatory activity and the levels of inflammatory markers, as the T allele carriers had lower levels of inflammatory markers and blood leukocytes (both neutrophils and monocytes), as well as high PON1 activity. This could be the explanation for the higher levels of inflammation in the patients with the CC genotype compared with the T allele carriers in our study. Nevertheless, this hypothesis should be examined in future studies.

Furthermore, in our study, the mean concentration of IL-18 was not significantly different between the patients with the CC genotype and the T allele carriers. In addition, hyperglycemia could acutely increase the circulating cytokine levels by an oxidative mechanism, and insulin resistance is a strong determinant of IL-18 levels. In the current study, no significant relationship was found about IL-18. This may be due to the fact that our subjects were all T2DM patients, and insulin resistance is common in T2DM \[[@B36]\].

One limitation of the current study was that there were no measurements of the plasma *APO A2* level. We also did not evaluate the relation between the *APO A2* polymorphism and the level of inflammatory markers in healthy individuals. It is suggested that the serum level of *APO A2*, along with inflammatory markers, should be studied in the future in T2DM patients and healthy subjects. In addition, our participants were not studied separately according to the type of consumed glucose-lowering drugs.

In conclusion, the present study investigated the various levels of inflammation in genetic variants of *APO A2* -265T/C polymorphism. T2DM patients with the CC genotype are more susceptible to inflammation and complications, such as CVD. Moreover, obesity could increase the level of inflammation in the T allele carriers. More research is required to confirm these findings. There might be a new topic about the role of *APO A2* in the incidence and the progression of inflammatory diseases.
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###### Characteristics of patients

![](dmj-40-222-i001)

  Characteristic                       TT/TC (*n*=120)   CC (*n*=60)         *P* value
  ------------------------------------ ----------------- ------------------- -----------
  Lipid lowering medications                                                 
   Without medications                 62 (51.7)         22 (36.7)           
   Atorvastatin                        49 (40.8)         32 (53.3)           0.17^a^
   Simvastatin                         4 (3.3)           1 (1.7)             
   Gemfibrozil                         5 (4.2)           5 (8.3)             
  Antidiabetic agents                                                        
   Without medications                 8 (6.7)           5 (8.3)             
   Metformin                           42 (35.0)         21 (35.0)           0.98^a^
   Glibenclamide                       6 (5.0)           3 (5.0)             
   Metformin+Glibenclamide             64 (53.3)         31 (51.7)           
  Age, yr                              52.98±6.80        56.00±5.89          0.004^b^
  BMI, kg/m^2^                         29.59±4.63        29.35±4.24          0.74^b^
  WC, cm                               92.57±10.96       91.73±10.39         0.62^b^
  Physical activity, MET, time/day     38.91±5.92        37.44±4.39          0.08^b^
  Food intake                                                                
   Energy, kcal/day                    2,524.80±815.66   2,646.87±1,056.31   0.43^b^
   Carbohydrate, g/day                 334.87±115.35     358.42±174.42       0.48^c^
   Protein, g/day                      88.10±27.28       90.77±38.24         0.74^c^
   Fat, g/day                          100.75±44.23      104.16±51.20        0.70^c^
   Polyunsaturated fatty acid, g/day   23.95±12.86       26.15±16.50         0.60^c^
   Monounsaturated fatty acid, g/day   34.56±17.12       35.04±18.35         0.49^c^
   Saturated fatty acid, g/day         26.98±10.71       25.86±9.67          0.06^c^
  Lipid profile                                                              
   Triglycerides, mmol/L               2.12±1.36         1.88±1.24           0.25^b^
   Total cholesterol, mmol/L           5.17±1.90         4.99±2.57           0.59^b^
   HDL-C, mmol/L                       1.36±0.29         1.41±0.36           0.45^b^
   LDL-C, mmol/L                       2.86±1.00         2.81±0.95           0.73^b^

Values are presented as number (%) or mean±standard deviation.

BMI, body mass index; WC, waist circumference; MET, metabolic equivalent of task; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol.

^a^Using the chi-square test, ^b^Using the independent *t*-test, ^c^Using the analysis of covariance (adjusted for energy).

###### Comparison of inflammatory markers between T allele carriers and CC genotype in total study population and separately in obese and non-obese patients
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  Variable                    IL-18, pg/mL             PTX3, ng/mL              hs-CRP, mg/L
  --------------------------- ------------------------ ------------------------ ---------------------
  TT+TC (*n*=120)             248.41±32.33             2.68±0.46                1.92±1.34
  CC (*n*=60)                 251.10±27.50             2.51±0.45                2.83±1.65
  Mean difference (95% CI)    2.33 (-7.23 to 11.90)    -0.16 (-0.30 to -0.02)   0.91 (0.46 to 1.36)
  *P* value^a^                0.63                     0.02                     \<0.001
  *P*value^b^                 0.54                     0.01                     0.001
  Obese (*n*=90)                                                                
   TT+TC                      254.14±35.64             2.59±0.38                2.28±1.22
   CC                         256.89±28.49             2.44±0.51                3.04±1.61
   Mean difference (95% CI)   1.44 (-13.27 to 16.15)   -0.15 (-0.34 to 0.03)    0.77 (0.17 to 1.37)
   *P* value^a^               0.84                     0.02                     0.014
   *P* value^c^               0.91                     0.03                     0.008
  Non-obese (*n*=90)                                                            
   TT+TC                      242.37±27.69             2.76±0.52                1.55±1.37
   CC                         245.31±25.79             2.59±0.37                2.59±1.69
   Mean difference (95% CI)   2.94 (-9.08 to 14.98)    -0.17 (-0.38 to 0.04)    1.03 (0.37 to 1.69)
   *P* value^a^               0.62                     0.04                     0.002
   *P*value^c^                0.88                     0.04                     0.01

Values are presented as mean±standard deviation.

IL-18, interleukin 18; PTX3, pentraxin 3; hs-CRP, high-sensitivity C-reactive protein; CI, confidence interval.

^a^Using the independent *t*-test, ^b^Adjusted for body mass index, age, sex, and monounsaturated fatty acid (MUFA) using the analysis of covariance (ANCOVA), ^c^Adjusted for waist circumference, age, sex, and MUFA using the ANCOVA.

###### Comparison of mean inflammatory markers between obese and non-obese patients in T allele carriers and CC genotype
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  Variable                    IL-18, pg/mL               PTX3, ng/mL            hs-CRP, mg/L
  --------------------------- -------------------------- ---------------------- ------------------------
  TT+TC (*n*=120)                                                               
   Obese                      254.56±35.64               2.59±0.38              2.28±1.22
   Non-obese                  242.37±27.69               2.76±0.52              1.55±1.37
   Mean difference (95% CI)   -12.19 (-23.77 to -0.61)   0.17 (0.003 to 0.33)   -0.72 (-1.19 to -0.25)
   *P* value^a^               0.03                       0.04                   0.003
   *P* value^b^               0.12                       0.50                   0.01
  CC (*n*=60)                                                                   
   Obese                      256.31±25.79               2.44±0.51              3.06±1.61
   Non-obese                  245.10±28.49               2.59±0.37              2.59±1.69
   Mean difference (95% CI)   -10.68 (-24.63 to 3.25)    0.15 (-0.07 to 0.38)   -0.46 (-1.31 to 0.38)
   *P* value^a^               0.13                       0.19                   0.27
   *P* value^b^               0.41                       0.53                   0.29

Values are presented as mean±standard deviation.

IL-18, interleukin 18; PTX3, pentraxin 3; hs-CRP, high-sensitivity C-reactive protein; CI, confidence interval.

^a^Using the independent *t*-test, ^b^Adjusted for waist circumference, age, sex, and monounsaturated fatty acid using the analysis of covariance.
